We have identified and characterized cDNAs encoding a novel zebrafish Na,K-ATPase a subunit. The full-length cDNA encodes a 1023-amino-acid-long peptide which shows greatest homology to zebrafish a1 polypeptides. Radiation hybrid mapping localized the new gene (atp1a1a.5) to linkage group 1 in close proximity to the previously identified cluster of Na,K-ATPase a1 genes. The expression of atp1a1a.5 in zebrafish embryos was analyzed using whole-mount in situ hybridization. From mid-somitogenesis through 48 h post fertilization (hpf), atp1a1a.5 transcripts were detected in the pronephric duct, ear, and mucous cells. This expression pattern continues through 108 hpf, when high levels of expression were also detected in the intestinal bulb. q
Results and discussion
Na,K-ATPase, commonly referred to as the sodium pump, establishes and maintains the plasma membrane sodium and potassium ion gradients essential for cellular homeostasis (Cantley, 1981) . The active enzyme is composed of equimolar amounts of a catalytic a subunit and a b subunit of unknown function (Jørgensen, 1982) . We have previously identified eight a and six b subunit genes in zebrafish (Rajarao et al., 2001; Canfield et al., 2002; Rajarao et al., 2002) . Five of the a subunit genes comprise an a1 gene subfamily. Four of the a1 genes (atp1a1a.1-atp1a1a.4) are clustered on linkage group 1 (LG 1) and most likely arose as a result of local, tandem duplication events (Rajarao et al., 2001) . Each zebrafish a1 gene exhibits a unique expression profile suggesting that these paralogs encode functionally distinct Na,K-ATPase subunit polypeptides .
We mined the zebrafish expressed sequence tag (EST) database and identified a cDNA clone encoding a novel Na,K-ATPase a subunit. The 5 0 segment of the cDNA was generated by 5 0 -RACE (rapid amplification of cDNA ends), and the entire cDNA was subjected to automated DNA sequence analysis. The cDNA was found to encode a 1023-amino-acid-long polypeptide with a high degree of primary sequence and secondary structure similarity to Na,K-ATPase a subunits. Sequence comparison of the predicted polypeptide with previously identified zebrafish Na,K-ATPase a subunits (Rajarao et al., 2001) indicates the polypeptide shares 78-88% identity with zebrafish Na,K-ATPase a1 genes (with greatest similarity to the atp1a1a.3 gene), 83% similarity to the zebrafish a2 gene, and 84% similarity to each of the two zebrafish a3 genes. Phylogenetic analysis indicates that the novel zebrafish a subunit gene, termed atp1a1a.5, clusters with other vertebrate a1 genes from mammals to fish (data not shown). The chromosomal position of atp1a1a.5 was determined using the Goodfellow T51 radiation hybrid panel (Geisler et al., 1999) . The RH pattern produced by the atp1a1a.5 gene was completely concordant with that of the atp1a1a.1 gene. This RH pattern localized atp1a1a.5 to LG 1 in close proximity to the zebrafish Na,K-ATPase a1 genes atp1a1a.1-atp1a1a.4 (Rajarao et al., 2001) . Taken together, these data strongly suggest that atp1a1a.5 is the sixth member of the zebrafish Na,K-ATPase a1 gene subfamily.
We used whole-mount in situ hybridization to analyze the expression pattern of the atp1a1a.5 gene in the developing zebrafish embryo (Fig. 1) . Expression of atp1a1a.5 was not detected during gastrulation or early somitogenesis. At mid-somitogenesis, expression of the atp1a1a.5 gene was particularly prominent in pronephric duct with lower levels of expression in the otic placode (Fig. 1A,B) . As shown in Fig.  1C ,D, strong staining of the pronephric duct was also observed at 24 h post fertilization (hpf), while lower levels of atp1a1a.5 transcripts were detectable in ear and a population of cells that have been identified as mucous cells (Herbomel et al., unpublished observations) . This expression pattern remained essentially unchanged through 108 hpf ( Fig. 1E-H) . At 108 hpf, strong staining of the intestinal bulb was also visualized (Fig. 1G,H) . Interestingly, there appears to be a gradient of expression along the pronephric duct which is maximal near the anal region (Fig. 1G,H) . The significance of this expression pattern is unclear, although it is likely to reflect differences in the activity of sodium pumps containing this isoform along the pronephric duct. We examined more closely expression of the atp1a1a.5 gene in the ear of 108 hpf embryos. As shown in 2A,B, atp1a1a.5 mRNA was detected in cells of the dorsolateral septum and the lateral crista (Whitfield et al., 2002) . Although the atp1a1a.5 gene shows greatest sequence homology to the atp1a1a.3 gene, the two genes exhibit completely distinct expression patterns. The pronephros represents the predominant site of atp1a1a.5 expression, whereas atp1a1a.3 transcripts are expressed primarily in skeletal muscle . These results indicate that the pattern produced by the atp1a1a.5 probe is unlikely to represent cross-hybridization with any other a subunit gene.
atp1a1a.5 represents the sixth Na,K-ATPase a subunit gene identified in zebrafish. The strong expression of atp1a1a.5 in pronephros suggests an important role for this gene in kidney. Mining of the zebrafish EST and genomic sequence databases has failed to uncover additional Na,K-ATPase a subunit genes. We now believe that zebrafish express nine a and six b subunit genes. Since all sodium pumps are composed of an a and b subunit, it is possible that zebrafish contain as many as 54 distinct isoenzymes. This extremely high degree of isoenzyme heterogeneity would strongly argue against functional redundancy of sodium pump genes.
Experimental procedures
EST BI473341, encoding a portion of the atp1a1a.5 gene, was identified in the GenBank EST data base. The corresponding clone (LLKMp964MO422q2) was obtained from RZPD (Resource Center for the German Genome Project, Berlin) and found to span nucleotides 611-3838 of the atp1a1a.5 cDNA. The 5 0 end of the cDNA was generated by 5 0 -RACE (Life Technologies) using nested primers complementary to nucleotides 659-678 and 765-784. The full-length cDNA (atp1a1a.5; GenBank accession no. AY094620) is 3838 bp in length and contains a complete ORF spanning nucleotides 74-3145.
The atp1a1a.5 gene was mapped using the Goodfellow T51 RH panel (Geisler et al., 1999) . The RH panel was obtained from Drs. Keith Cheng and Manzoor Mohideen (Department of Pathology, Penn State College of Medicine). A PCR product specific for the atp1a1a.5 gene was amplified using the following primer pair: 5 0 -TTAGCAAG-TATCAGGTATATTTGCTAAG-3 0 and 5 0 -CATGGATT-GAGAACATCAAGGGAAATA-3 0 . These primers amplify a 137 bp segment of the atp1a1a.5 gene. The PCR fragment contains a 110 bp-long intron of the atp1a1a.5 gene flanked by segments of exon 10 (nucleotides 1527-1540) and exon 11 (nucleotides 1541-1553) of atp1a1a.5. Genomic sequences corresponding to the atp1a1a.5 gene were identified by searching the zebrafish genome database generated by the Sanger Institute (http:// trace.ensembl.org).
Whole-mount in situ hybridization of zebrafish embryos was performed as previously described (Thisse et al., 1994 ). An antisense probe corresponding to nucleotides 611-3838 was used to analyze atp1a1a.5 gene expression.
